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In recent days, functional neuroimaging in vivo has increasingly become a focus of 
interest in brain science.  Central motor controls have been extensively studied using 
animals as well as human. Conversely, exercise itself is an important factor that can alter 
the brain functions not only related to the movement control but also due to 
neuropsychological consequence such as fatigue.  Therefore regional brain activities 
related to intensive exercise are the main topics of this study.  The ergometer cycling 
(stationary cycling) in contrast to the other forms of locomotion can be performed by 
forward pedaling with only minor dislocation of the body and head in space.  We chose 
this exercise as a tool to map exercise related brain activities because the measurement of 
the work force is quantitatively available.  Previously, Mishina et al.1) measured cerebellar 
glucose uptake before and after walking in patients with neurological disorders while 
regional metabolic changes in the brain were investigated for outside running by Tashiro et 
al2).  In the present study FDG-PET study was conducted to clarify the functional 
metabolic changes in local brain induced by ergometer movements at three loads of 
intensities.  FDG-PET technique is particularly useful for metabolic studies during 
exercise.  Using trapping nature of the tracer substrate, exercise could be loaded outside of 
PET examining room.  However, the motive of this study was to identify global value 




Subjects and methods 
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Seventeen healthy volunteers were divided into two groups, task group were 
participated in ergometer cycling at 40%, 70%, 80% VO2max on separate days and the 
resting control group who sat on an ergometer without pedaling in a lit room.  A total of 35 
minute ergometer cycling was done after FDG administration followed by emission and 
transmission scans with a multi-ring tomography, SET-2400 (Shimadzu, Japan) in 
three-dimensional data acquisition mode. PET scanner.  The overall time for study was 
110minutes from the tracer injection.  To explore the regional changes between exercise 
task and resting control, voxel based statistical parametric technique was applied using the 
SPM 23,4) software for both analyses.  A custom made FDG template was used for the 
anatomical normalizations applying smoothing using a 12-mm isotropic Gaussian filter 
kernel to increase the signal to noise ratio. Statistical analysis was performed by choosing 
the (1) covariate only analysis to find out the linearly increased metabolic regions with 
loads and (2) multiple conditions analysis to discriminate the variation with loads of SPM 2 
applying the significant threshold at p<0.001  (extended voxel threshold was 20) without 
correction for multiple comparisons.  Location of each statistical peak was identified based 
on a co-planar stereotaxic atlas of the human brain5). 
  
Results  
The voxel based covariate search between FDG uptake and the loads of exercise 
(from rest to mild, moderate and severe intensity) showed a strong and highly significant 
activated linearly increased metabolism as shown in Figure 1.  Maximum peak of 
activations with loads was found in precental gyrus (BA 4) bilaterally.  Other regions were 
found in superior parietal lobe (BA 5), cerebellum, medial frontal gyrus (BA 9) and insula.  
All areas were statistically significant only in left hemisphere, except precenal gyrus and 
insula.  Inferior parietal gyrus  (BA 40) and Post central gyrus of occipital cortices (BA 
3) were also significant but the activations clusters were relatively small (< 20voxels).  
Linear decrease or non-linear changes in response to the increasing movement loads were 
found mostly in posterior part of the brain. Discriminations between three load effects. 
When mild task compared with control, maximum intensity was found in superior 
parietotemporal cortex (BA 7 and 22).  Other regions were activated in precentral gyrus 
(BA 4) and inferior frontal gyrus (BA 46). Cingulated cortex was also activated but cluster 
was too small.  
Moderate task induced brain regions activated were in cerebellum, middle frontal 
gyrus (BA 6 and 8), precental gyrus (BA 4), angular gyrus (BA 39), supramarginal gyrus 
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(BA 40), lingual gyrus (BA 18) and postcentral gyrus (BA 5).  Primary motor region and 
limbic lobe are significant only in right hemisphere where as parietal activations were 
prominent in left side. 
When severe exercise group compared with the resting control, the maximum 
activations were found in frontal gyrus (BA 6, 8, 9).  Other regions activated for this loads 
were cerebellum, cingulated gyrus (BA 32), angular gyrus (BA 39), postcentral gyrus (BA 
5). Medial and superior part of frontal gyrus and cingulate gyrus activated bilaterally.  
Precentral gyrus, middle frontal gyrus and lingual gyrus activated only in right hemisphere.  
 
Discussions 
We confirmed that using an imaging approach brain activations associated with 
exercise were identified in the motor, premotor and sensory areas when the task group was 
compared with the resting control group.  The highest activity was noted in the superior 
temporoparietal association cortex for the mild task condition while moderate load induced 
peak activation in the cerebellum.  Intensive task induced extended and strong activations 
in the primary motor, sensory and association motor cortex as well as in the cerebellum 
with the maximum activation in the frontal gyrus.  The supplementary motor area was 
active for all loads.  Other regions such as inferior frontal gyrus was activated only by light 
load while medial frontal activation was noted for severe task condition only.  These 
results clearly showed that regional brain activations were dependent on the exercise loads.  
Activations in the primary motor cortex were observed during rhythmic cycling 
movement of all intensities.  Previously it has been demonstrated with oxygen 15-labelled 
H2O PET study for active and passive bicycling that M1 activation was positively correlated 
with the rate of active bicycling6).  Williamson et al7) made a similar observation using 
single photon emission computed tomography (SPECT).  Although these authors focused 
on the insular cortex, they also noted activations in the leg area of the primary motor cortex. 
Our findings and those of other groups demonstrate that there is a significant cerebral 
involvement in the control of rhythmic movements in man.  Linear relationships between 
the ergometer task loads and activations in the primary motor cortex suggest that the 
intensity of the movement may be coded here that was established by the previous study 
with bicycle movement by Christensen et al.  
Primary motor and premotor areas of the frontal lobe of the primate brain most directly 
associated with planning and executing voluntary movements.  Parietal cortex is richly 
interconnected with these two regions through which it receives information about the 
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status of joints and muscles.  For example, the parietal cortex is selectively activated under 
certain experimental conditions as the subjects must always refer to visual inputs to an 
internal spatial map in body-oriented co-ordinates8).  We noted peak activation in superior 
part of parietal cortex for mild load only. However, higher loads also significantly activated 
in parietal cortices but did not show maximum accumulation.  The increased high glucose 
metabolism with rising loads and variation within regions with loads may be well explained 
by earlier study related with different movements.  Previously it was demonstrated that 
parietal regions showed peak activation for a running case (supposed to be mild load) by 
Tashiro et al. Additionally, prefrontal activation found alone by mild exercise suggested 
that cognitive participation could be come to mind during easy task but hard task demand 
concentrate only to work. 
Thus the present study successfully visualized the state of brain engaged at different 
exercise loads by the FDG method. Global corrections revealed stronger activations in 
cerebral regions associated with movement compared to control.  The precise role of the 
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Figure 2.  Regional brain activations by three loads of exercise comparing 
with the control at p<0.001 with extended threshold voxel 20. 
Figure 1.  Linearly increased activations with the task 
load at p<0.001 with extended voxel threshold 20. 
